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The peniBfll of a clever and pungent little pamphlet recently 
published, entitled " Railway Rescue : a Letter to the Railway 
Directors of Great Britain ,"* which begins in a vein of humor- 
ous hut caustic irony on Railway Shareholders, has led me to 
attempt their " rescue " from obloquy so undeserved. This 
attempt being the more incumbent upon me, inasmuch as it is 
to this "arilhmetioal nil " I am about to address myself. 

That they are what the writer so pithily describes them to be, 
may be true in reference to the few, and in some localiii 
if we are to judge from the experience of the past, it must be 
admitted, I think, that, of all classes of men who have property 
invested in these aud similar undertakings, there are none who 
have evinced so keen a sensibility to every circumstance which 
may in any degree affect the value of their property, as the large 
majority of Shareholders in Railways. 

That the Reports of Directers at half-yearly meetings are 
received generally with satisfactioa by the assembled Proprietors, 
is a fact which indicates merely the measure of confidence re- 
posed in them, and as long as a favourable balance sheet ia 
exhibited, few persons think it necessary to propose questions 
which may be deemed troublesome or distasteful to the Board ; 

• " It U the faahion for Ihose who imapne Ihey have aomclhiiiR lo my on 
railnay Mibjeols, la addresg theiDBelvaB to the Slmreiiolilera ; I prefer lo speak 
to you, having come lo Ihe concluaion that Shareholders are pruclically an 
arilhraelieal nil — a fluctunling body of sheep-men, here to-day and gone to- 
inorniw; noir jumping thVough a hedge-gap into a rich puture. and anon floun- 
dering in an impncticable marah, withoul the wit to underetand that the pasture 
of thU quarter may he the marsh of next quarter, and via ntrta. In ahort, 
they mereiy ploy the game of- follow my leader ' at the sport of chanea. They 
arc a passite and not an active body, buying when siiares are up io ihe market, 
and Belling when they are down. They are in short that nobody, the puhlic, 
whom all active men, with intellectual facullie* alert, and moral feculties dor- 
mant, consider to he 'their oyster," which they, not 'with sword,' aa in Ihe 
olden time — but witb cunning, after modern fashion, ' will open,' " 




the reverse side of the picture, howeTer, gives a very different ' 
result. That the diesatieiactioii which is often expressed on such 
occasions may be attributed to one fact, will bardly be doubted ; 
viz., the close borough system which is observed, I believe, by 
all Boards of Directors in Great Britain, in the re-election of 
those of their body whose turn it is to vacate office. I am of ^ 
opinion that no one circumstance would tend so largely to inspire 
universal confidence amongst the Proprietary in 
of their affairs, as the occasional infusion of new blood into the 
directing body ; aware of the objection, and, I believe, the only 
one, which may be ui^ed to this innovation, I am prepared with 
its antidote. Tlie objection is, that the introduction of novitiates 
into the governing body will, for some time, throw a greater 
amount of duty upon the older members of the Board than is 
either convenient or agreeable. To those who know anything of 
the composition of most Boards, this objection will be regarded as 
puerile. 

The antidote, however, is, to restrict the annual election of 
new members to one-fifth or one-sixth of the whole number of 
the Board. 

Many and great advantages would result from such a course. 

It may be a matter of surprise to some, that, being at issue 
with the majority of the Board over whom I presided upon a 
question of vital importance, I continued to retain the chair. It 
was my determination to resign it at the first meeting of tlie 
Board after the meeting of Shareholders on the 20th of August, 
and it was only at the earnest desire of those for whose opinions 
I entertain much regard, that I was induced to defer this course, 
they being of opinion that such a step at that moment might 
prove prejudicial to the interests of the Company. Having, after 
mature deliberation, come to the conclusioit that any further delay 
of an appeal to the Shareholders would be regarded as a great 
dereliction of duty on my part. I informed the Board on the 7th 
inst, of my intention to do so, ajid at the same time stated, that 
I could not consent to retain the chair longer than the period 
necessary for the election of my successor. 



i 



BacKiAHD Abbbt, 

November 2<),184tJ. 



ADDRESS, 



It will probably occur to some of my readers to in- 
quire the reasons which have induced me to obtrude 
the following pages on the attention of the Pro- 
prietary. I would reply by simply referring them to 
the third section of the Directors' report, read to the 
half-ycaily meeting of shareholders, held at Ply- 
mouth on the 29th of August last, by the adoption 
of which report it was virtually decided to abandon the 
atmospheric system of traction on the South Devon 
line. I have been induced to undertake a task, 
which 1 would gladly have avoided, from the know- 
ledge that the meeting adopted the report in the 
absence of that information which could alone enable 
them to form a correct judgment, as well as from the 
firm conviction that such a measure was fraught with 
serious evils, and might ultimately prove ruinous to 
the interests of the Company. I felt also that the 
responsibility which devolved upon myself, as chair- 
man of the Board of Directors, rendered it incum- 
bent upon me to lay before the shareholders the 



facts which have compelled me to draw conclusions ] 
so greatly at variance with those of eleven of my| 
colleagues. Having discharged this duty, I am conH 
tent to leave the further consideration of the sub 
ject to the proprietary, in whose ultimate decisioiE 
upon the merits of the whole case I shall readily^ 
acquiesce. My individual interest in the line, as am 
holder of fifty whole, and fifty half shares, is not] 
sufficiently large to justify my opposing the abandonxT 
ment of the atmospheric sj'stem, when convineedj 
that the measure has been sanctioned by the share* 
holders, after an opportunity has been afforded then 
of weighing the facts and evidence upon which ray, 
own opinions are based. I shall, however, be i 
all times ready to use my best exertions in redeem-R 
ing the past, and in providing for the contingencies ' 
of the future. 

The third section of the report to which I have 
referred is as follows : — " In regard to the cost of 
working the atmospheric system upon the upper 
portion of the line, it has been, throughout the whole 
of the period to which the accounts refer, so much 
greater than your Directors had had reason to an- 
ticipate, tliat although certain reductions have lat- 
terly attended the progress of the experiment, and 
others to a considerable extent might probably be 
rehed upon, yet your Directors found it necessary 
to refer the investigation of the whole of this mo- 
mentous subject to the special consideration of a 
committee, who have for many weeks most anxiously 
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devoted their time and utmost attention to it. After 
most earnestly balancing the various circumstances 
and considerations which the labours of that com- 
mittee have placed before the board, your Directors, 
without pronouncing any judgment as to the ultimate 
success of the atmospheric system, and whilst they 
are prepared to afford to the patentees and other 
parties interested in it the use of the machinery for 
continuing their o^vn experiments, have arrived at 
the conclusion, with the entire concurrence and on 
the recommendation of Mr. Brunei, that it is ex- 
pedient for them to suspend the use of the atmo- 
spheric system, until the same shall be made efficient 
at the expense of the patentees and Mr. Samuda. 
The board are prepared with arrangements for sup- 
plying locomotive power from the date of the sus- 
pension of the atmospheric system." 

The committee referred to in the foregoing re- 
port consisted of four members, viz., the chairman 
of the South Devon, the chairman of the Great 
Western, and the chairman of the Bristol and Exeter 
board, with the addition of Mr. Woolcombe, a di- 
rector of the South Devon Railway. The first act 
of the committee was to call upon the engineer for 
a comprehensive report on the subject, which he ac- 
cordingly furnished'. 

The result of a long and laborious investigation of 
the various documents prepared for the committee, 
has firmly established in my mind the following pro- 
' See Appendix, No. 3. 



positions: — Firstli/, that owing to the shfirp curves 
throughout the line, and the steep gradients on that 
part of it between Newton and Plymouth, the atmo- 
spheric system of traction is peculiarly applicable to 
the South Devon Line ; and, if not indispensable to 
its safe and efficient working, it possesses, from the 
absence of all danger of collision, an essential ad- 
vantage over the locomotive for a single line of rails*. 
Secondly, that the weight of documentary and other 
evidence, in reference to the future economy of the 
working cost of the two systems, is decidedly in 
favour of the atmospheric''. Thirdly, that the ab 
donment of the atmospheric system would necei 
sarily involve the loss of nearly 300,000^., and thereby 
entail a perpetual unproductive charge for interest ( 
about 15,000/. per annum". Fourtlily, that , 
the engines for working the line to Plymouth, as we) 
as those for the Torquay branch, are on the eve i 
completion, the one intended to work the Daintol 
inclines being already fixed, and the tubes laid, it ill 
essentially important that a tnal should he given 1 
the system over the steep gradients^ in accordano* 
with the desire of the shareholders expressed at thd 
half-yearly meeting held in February last. Fifl 
that the offer of Mr. Samuda " to eifect the repai 
and improvements in the longitudinal valve, sug-' 
gested in tiie engineer's report to tiie committee, and 



' See Appendix, Nos. 1. 3. 
■- Ibid,. 8. 
' Ibid,, 4. 



> Ibid.. 3. 9. 10, 11, 
' Ibid., 1. 3. 



to keep the same iii good working condition at a 
moderate and fixed charge for a period of twelve 
months, woidd make it highly desirable to continue 
the system at least for that period. Sixthly, that if 
locomotive power be substituted, a due regard for 
the security of the passengers, added to the increas- 
ing traffic for goods, will render it absolutely neces- 
sary that a double line of rails should be laid 
throughout, for which purpose a large expenditure 
will be inevitable. Seivnthk/, that unless the Com- 
pany are willing to pay the Great Western Company 
a charge, equal to Is. Gd. per train mile on that part 
of the line between Exeter and Newton, and about 
1«. 9d. per train mile between Newton and Plymouth, 
for the use of their engines, a further sum will be 
required to provide a locomotive plant, with its ne- 
cessary buildings ; and, lastly, that the Imances of 
the Company, after the completion of the lino into 
Plymouth, and the Torquay branch, and having a due 
regard to their liabilities, will not admit of any addi- 
tional expenditure. 

From the foregoing propositions it would appear 
that, considering the immense sums already expended 
upon this system of traction, the enonnons loss that 
would result from its abandonment, and the addi- 
tional expenditure necessarily involved in the change, 
it would be most judicious to make such arrange- 
I ments with Mr. Samuda as might enable the Com- 
■pany to continue the working of the line between 
■ Exeter and Newton, and also to work the inclined 
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fiw •!> dKir on eeit aai tisk. Hie 
iBtnig akeadjr iafenned ■§ that tfaoe vas o 
wot It prah^Mlity that e^ber of these 
would accede to sneh a propoeittoo, this proTiso i 
efidentlj mk^tarj and ddndTe. Auxmnis to i 
a ranb w piqadidal to the interest (rf* the ( 
I ID the eommittee oa so tmpt 
rjr, I eodeaToored by every means cons 
with taj own convictions and my daty to the ! 
bolden, to reconcile oar views so far as wonld c 
OR to present a united report. Several me 
were held for tlie attainment of this object. 
Wooloombe and myself had a meeting with 





Samuda, to ascertain if he would adopt the engineer's 
suggested improvement in the longitudinal valve. 
To this he agreed, upon terms whicli we considered 
fair and . reasonable ; and, having succeeded in this 
important point, we were under the impression that 
we had thus secured the unanimous decision of the 
committee, and therefore prepared a report which we 
believed would meet the approval of our colleagues '. 

The committee met at Teignmouth on the same 
morning, subsequently to our interview with Mr. 
Samuda. On reading oar report, I was greatly 
surprised to hear from the engineer, who was pre- 
sent, that he had no confidence in Mr, Samuda's 
longitudinal valve, or in any alteration of it, and 
therefore he could not recommend the continu- 
ance of the atmospheric system upon the South 
Devon line, I was utterly at a loss to account for 
the expression of sentiments so decidedly adverse to 
those contained in his written reports, and I could 
not refrain from noticing to him this discrepancy in 
his opinions. His reply was, that I had put a wrong 
construction upon his report. 

This document'' will, however, ^peak for itself; 
and I must leave it to the shareholders to decide 
whether my views were not fully warranted by the 
unequivocal expressions which they contain. 

On hearing this declaration of the engineer, Mr. 

' See Appendui, No. 6. 
* Ibid., No. 3. 
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Wooicombe, who had agreed witli me thus far, stated ' 
that, if the engineer had lost all confidence in the j 
valve, he could no longer oppose the abandonment of j 
the system. 

Had I consulted merely my own ease and desire for ] 
unanimity, I should have pureued the same course ; 
but, as I found it impossible to reconcile the engineer's I 
present statement with the opinions which he had I 
so clearly expressed, I had no other alternative than 
to adhere to the report proposed by Mr. Woolcombe I 
and myself. My colleagues, however, dechned 
receive it, and proposed another, which had been pre^V 
pared by the Secretary to the Great Western Coni.^J 
pany, recommending an immediate and total aban- A 
donment of the system '. All prospect of unanimity I 
being thus at an end, no course was left open to us -j 
other than that of each member of the committee 1 
submitting his view to the Board of Directors, and i 
leavmg the question to their decision. Several hour» J 
were thus occupied in the evening previous to, J 
as well as on the morning of the general meeting 
of shareholders. 

I may here state, for the information of those whol 
are unacquainted with the constitution of the BoarAfl 
of Directors of the South Devon Railway, that it^l 
originally consisted of twenty-one members; viz^ 

■ It may be right to obserre that both the Secretary of thel 
Great Weatem Comptmy and tlie engineer were present at all ths 1 
B of the Ci 




eleven representing the interest held by the asso- 
ciated companies, and ten elected by the remaining 
shareholders : — thus, 

Five from the Bristol and Exeter Board, repre- 
senting 4000 shares. 

Four from the Great Western Board, representing 
3000 eliares. 

Two from the Bristol and Gloucester Board, re- 
presenting 1000 shares. 

Ten from the other shareholders, representing 
12,000 shares. 

The Bristol and Gloucester Company having sold 
their line to the Midland Company, ceased to be Di- 
rectors of the South Devon Line, conformably to the 
provisions of the Act, and sis yet none have been ap- 
pointed in their room. The Directors now represent- 
ing the general body of shareholders arc — Mr. Gill (the 
chairman). Lord Seymour (who does not attend the 
meetings of the board), Lord Courtenay, Sir An- 
thony Buller. Colonel Harris, Mr. Rundle, Mr, St. 
Aubyn, Mr. Deny, Mr. Cole, and Mr. Woolcombe, The 
resolution which had been proposed in committee by 
thechairmanoftheGreatWestern and the chairman of 
the Bristol and Exeter, was, with some modifications, 
introduced by Lord Courtenay to the South Devon 
Board ', on the morning of the general meeting of 
shareholders, and, after considerable discussion, ulti- 
mately carried by eleven votes out of eighteen : viz., 
" See Appendix, No. (i 
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The Great Western Directors. 

The Bristol and Exeter ditto . 

Lord Courtenay, (who is also a Di- 
rector on the Bristol and Exeter 
Board) 

Mr. Woolcombe .... 



4 in number. 
5 



11 

Sir Anthony BuUer, Col. Harris, Mr. St. Aubyn,! 
Mr. Bundle, Mr. Derry, aaid Mr. Cole, together with, I 
myself, declined to vote upon the question. Thua,a 
with the exception of one Director representing thai 
general body of shareholders, this resolution was c 
ried by those either interested in, or representing thai 
interests of, the associated companies*. 

During the several meetings of the committee, %i 
had repeatedly observed that the experience of thai 
last six months, viz., from the 1st of January to thfll 
5th of July, did not afford a fair criterion eithefl 
of tlie efficiency or of the economy of the system } i 

• Should it hereafter appear that the continuance of the a 
spheric Byateni was incompatible with views which the aasoci 
boards may entertain in reference to the South Devon Linfi^l 
it is by no means improbable tiiat, influenced by an involuntwyB 
bias, they have been induced to r^ard the success of this Coi9«l 
pany in only a secondary point of view. 

These companies collectively represent an interest of 850,0OO/,B 
at the South Devon Board, whilst they are the representativesB 
attheirownrespectivehoardsofaai aggregate of from 13,000,OOOI;B 
to 13,000.000^ 



that during the months of June, July, and August, 
when the iutemiptions occasioned by the repairs and 
alterations in the eiiginea and a.pparatus were become 
less frequent, the trains had been miming with great 
regularity, and a gradual an<l steady reduction in the 
working charges had taken place ', clearly indicating 
such a reasonable prospect of ultimate success as 
would justify its continuance for at least a limited 
period. And fiirther, that, although the atmospheric 
system had not been adopted without the express 
recommendation of the engiaeer\ I could not but 
feel that the Directors had, by giving it their sanc- 
tion, incurred a very serious responsibility, and there- 
fore declared that nothing short of a written statement 
from him, recommending its discontinuance, and 
showing the grounds for advice so diametrically op- 
posed to his reports, would induce me to entertain 
the question of its discontinuance, mthout first ap- 
pealing to a general meeting of shardiolders, when 
information might be laid before them which would 
enable them to decide on the expediency of auch 
a course. A written statement of this nature has 
never been received. When, therefore, the resolution 
I moved by Lord Courtenay was passed by the board, I 
letiated that, as it appeared to me to be unjust to call 
I iq>on the shareholders to acquiesce, without examina- 
L tion. in a measure of such importance, it would be 
liny duty to lay the whole case before the meeting. 

" See AppeudLs, No. fl. 
" Ibid., No. 1. 




I left the board room to arrange mj papers ibr I 
purpose. In a few minutes a resolution ' 
mitted to me from the board, " deprecating all d 
sion OD the respective merits of the atmospheric and* 
locomotive systems." This I was at first disinclined 
to notice, but subsequently resolved to comply with 
the request, so &r as not -to volunteer a statement. 
Should the shareholders call for any explanation 
on the subject, I was determined to carry out my 
&st intention. It happened that the iirst speaker 
who addressed the chair put such questions in refer- 
ence to the atmospheric system as obliged me iu my 
reply to allude to it ; upon which the chairman of 
the Great Western made some remarks relative to 
my being the only dissentient at the board. This 
rendered it necessary that I should at once explain 
the whole subject; and I was about to do so, when a 
Director of the Midland Company (Mr. Ellis) pro- 
posed that all explanations should be avoided. As 
no dissent was expressed to this at the time, I ac- 
quiesced in what then appeared to be the general 
wish of the meeting. I was, howevpr, wrong in this 
supposition. Several shareholders present at the 
meeting, and others who were absent, have since 
expressed a strong desire that the proprietors should 
be made acquainted with all the facts, and that 
a special general meeting should be convened to 
reconsider the subject. I have been induced to enter 
thus minutely into this part of the proceedings by 
* See App«nili][, No. T. 




the desire of showing that, had I then been permitted 
to make my intended statement, the present address 
might have been unnecessary. 

I will now proceed to lay before you the data 
upon which my own opinions aa to the ultimate 
success of the atmospheric system on the South 
Devon Line are founded. On a reference to the 
revenue account in the Directors' report, it will 
be seen that the working cost of the locomotive 
system, from the lat of January to the 5th of 
July, 1848. was 5218/. IO5. 5d., and that of the 
atmospheric 11,138/. 19*. lOd., which sums, seve- 
rally divided by the number of train miles performed 
by each system, gives 2s. 4i^4. per train mile for the 
locomotive, and 3*. li^d. per train mile for the atmo- 
spheric. It will therefore be incumbent upon me 
to show the manner in which the working of the 
latter system has so far exceeded Is. jjer train mile 
(the original estimate of the engineer). 

Throughout the mouths of January and February 
the locomotive and atmospheric systems were worked 
as far as Teignmouth concurrently, consequently the 
atmospheric trains were few. It is well known that 
the working cost of this system diminishes as the 
number of tmius is increased; and it is obvious 
that, since the same establishment, and nearly the 
same quantity of fuel is required for a small as 
r for a large number of trams, the charges for these 
'months must have greatly exceeded the sum which 
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under other circunistauees would have been the oi 
uary cost. 

Soon after the atmospheric apparatus was put into 
operation It was discovered that all the engines were, 
from their mal-construction, more or less inadequate 
to the duty required of them, particularly the Daw- 
lish engine, which has invariably consumed from 40 
to 50 per cent, more of fuel than the others. They 
were originally designed to work at a speed of from 
18 to 20 strokes per minute, but it was found neces- 
sary to work them from 25 to 30, and even more. 
These imperfections in the engines and other parts of 
the apparatus required extensive alteration, which 
could only be eftected during tlie ordinary traffic of 
the line, thereby causing serious impediment and 
obstiniction to its regular working. Whilst these 
nimierous alterations and repairs were in progresa, 
the -weekly charge for labour was also largely in- 
creased by the employment of a number of extra 
men on various parts of the line, which would have 
been unnecessary had the machinery been perfect ; 
this additional expense, therefore, can form no part 
of the ordinary working cost of the system. 

It was considered necessary, with a view to econo- 
mize the use of fuel, that expansion gear should be 
applied to each engine. It was also essential, in 
order to diminish the period of actual duty of each 
engine, that the electric telegraph should communi- 
cate with every engine station, by which a considei 
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able saving of coal would be effected. Both these 
improvements were ordered to be completed some 
months since. The expansion gear has been applied 
to one engine only, and there with great advantage. 
The telegraph, having been placed in each engine 
room, was found to be imperfect, and it was not 
until the 2nd of August that it worked with full 
efficiency. 

From this period to the 9tb of September (when 
the system was discontinued) it will be seen, on re- 
ferring to Appendix No. 9, that a rapid and steady 
reduction occurred in the consumption of fuel, viz. : 
From 2 to 16 Aug., 427 tons = 30 10 per diem. 
„ 16 to 30 „ 415 „ 29 13 
„ 30 to 9 Sept., 287 „ 28 14 
Whilst the average quantity used from the 2nd of 
March (the time when the atmospheric system began 
to work alone) to the 2nd of August was 563 tons 
for each fortnight, equivalent to 40 tons per diem. 
Tlie comparison shows a reduction exceeding 25 per 
cent, from the period when the telegraph was effect- 
ively employed. 

Then with regard to the cost of coal, an article 
which forms the most important item in the working 
charge of this system; the description hitherto used 
is the Merthyr steam coal, which, delivered at Bridge- 
water, costs 12s. Qd. per ton, to which add U. 6d. per 
ton for the use of trucks, and 3*. 6d. per ton car- 
riage to Exeter, amounting altogetlier to 17s. 6d. per 
ton. Now there ie no doubt that tliis charge may 
B 2 
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be reduced from 12 to 15 per oent, : — Ist, in the 
price of coal; 2ndly, in the expense of transit, by 
delivering it at Teignniouth instead of Bridgewater, 
tlius saving at least l*. 6d. per ton ou all the ctnl 
required at the Newton, Summer House, Teigtunouth, 
and Dawlish stations, as "well as at the Dainton aod 
TotnesB ; 3rdly, instead of hiring trucks at 1*. 6d. ] 
ton, fully Is. per ton might be saved by using i 
own. Trucks were ordered to be made many months 
since, but none have yet been delivered. A consider- 
able reduction in the charges was also anticipated 
from the erection of workshops for making a part of 
the apparatus, as well as for general repairs. Gxt^i- 
sive buildings have been lately erected at Newton I 
this purpose. 

The reasons I have here enumerated will, I thinK 
be sufficient to account for the excess of expenditure 
on the atmospheric during the six months included 
in the Directors' revenue report. I would 
to the common sense of every man whose i 
free from bias on this subject, whether under suet | 
state of tilings as I have described any just estimatf 
of the value of this system could be formed, eitha 
as to the cost of working, or the regularity of l 
trains. Would it not have evinced a more earneal 
desire to arrive at correct conclusions had a ] 
been selected when the interruptions and increaf 
charges occasioned by tlie alterations in progress v 
on the wane ? A reference to the Appendix, No. 1 
will show that from the 8th of June to the 9th i 
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September a consklerable reduction liad taken place 
in the working expenses, aud much greater regularity 
was observable in the ninning of the trains". Is it 
then too much to infer that, as soon as the various 
alterations were completed, and the longitudinal 
valve put into good repair, the working cost would 
have been brought within the hmit named by the 
engineer, viz., 1*. per train mile, and thus the grand 
desideratum of a system, comprising the advantages 
of greater security to the passengers, and of an eco- 
nomy yielding a larger dividend to the shareholders 
than I fear can ever be hoped for from the locomotive, 
might ultimately be attained? Many of my readers 
cannot fail to recollect the great and numerous diffi- 
culties which the able projector of the locomotive 
system had to encounter, all of which, by perseverance 
and energy, he happily surmounted. And what are 
the real obstacles which now oppose the progress of 
the atmospheric system ? No one has ever attempted 
to impugn the principle. The difficulties are purely 
mechanical ; the greater part of these have been 
already conquered ; the only remaining one of any 
importance, viz., the longitudinal valve, is, according 
to the engineer's report, " susceptible of great im- 
provemeut." A reference to Appendix No. 4 will 
show that Mr, Samuda was willing to undertake and 
complete such improvements to the satisfaction of 
the engineer. Is it then unreasonable to assume 
that the result would have proved successful? But, 

' Appendix. No. lU. 
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even had it been otherwise, will any man acquainted 
with the science of mechanics be bold enough to 
assert that no valve sufficiently perfect could be con- 
structed ? Several have been already submitted for 
consideration and trial by their inventors ; none but 
that of Mr. Samuda has been used or tested on the 
South Devon Line, although some of those proposed 
seem to possess elements of success sufficient to re- 
commend them to notice. The experience of almost 
every other railway company proves that the first 
year of opening a line, especially when only partially 
opened, is invariably far more expensive than suc- 
ceeding years, and therefore no Board of Directors 
would consider themselves warranted in taking tb 
first year as a criterion of its average working cof 
A majority of the South Devon Board has, howev^ 
determined to discard a system upon which so lai 
an outlay has been made, the precipitate abandorf 
ment of which involves so ruinous a loss, after i 
imperfect trial of only six months, under disadvao 
tages which will not find a parallel on any line in tli 
kingdom. I have now only to refer my readers ' 
the documentary evidence in the Appendix, in sup- 
port and confirmation of all that has been advanced, 
and I hope that every candid and impartial mind will 
be satisfied that no statement has been made which 
is not in its utmost latitude justified. 

Should the shareholders generally, after the perusal 
of these pages, entertain the opinion that before the. ] 
atmospheric system is irrevocably abandoned it would i 
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be a wiser course to hazard a farther expenditure of 
a sum of about 6000/., rather than incur the cer- 
tainty of a positive loss of at least 300,000^., added 
to the necessity of a further expenditure of from 
300,000/. to 400,000/., then I must inform them that 
they should lose no time in giving expression to their 
opinions, by calling an extraordinary general meet- 
ing' for the reconsideration of the subject. A part 
of the atmospheric property has already been adver- 
tised for sale, and it is intended to dispose of the re- 
mainder as soon as the requisite arrangements can be 
completed. If, on the conti-ary, the shareholders 
consider that the recommendation of the Directors 
to abandon the atmospheric system, as reported to the 
last half-yearly meeting, is that which is most con- 
sistent with the interests of the Company, I have 
only to add that, with the conscious feeling of having 
feithfuUy discharged an important duty to the pro- 

■ Clause 72 of tbe Act of Incorporation : — And be it 
enacted, that it sliall be lawful for twenty or more share- 
holders, holding in the aggregate one thousand ahares, to 
the amount of fifty thousand pounds, by writing under their 
hands, at any time to require tlie directors to call an extra- 
ordinary meeting of the Company; and such requisition shall 
fuUy express Ihe object of the meeting required to be called, and 
Bhall be left at the office of the Company, or given to at least 
three directors, or left at their usual place of abode ; and forth- 
with upon the receipt of such requisition the directors shall con- 
vene a meeting of the shareholders ; and if, for twenty-one daya 
after such notice, the directors fail to call such meeting, the said 
number of shareholders, quaUfied as aforesaid, may call such 
laeeting by giving fourteen days' public notice thereof 
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prietary, I shall aequicaco in that decision. That thai 
atmospheric system of traction will yet triumph over 
all opposition I feel firmly persuaded, and it is this 
persuasion that has given me so much anxiety, lest it 
should hereafter be said that, having first concurred 
in its adoption, I had, without sufficient consideration, 
also concurred in its rejection, and consequently been 
instrumental in inflicting upon the shareholders a 
ruinous and irretrievable loss. It must, however, 1 
remembered, that such a decision will render 
almost imperative, in order to avoid the ex 
expenditure which must necessarily be incurred : 
widening the tunnels, the viaducts^ and other pai 
of the line, and in an appUcation to parliament i 
powers to purchase more lands to form a double widt 
gauge, that the South Devon Railway be reduced t 
a double narrow gauge line. 

Having thus afforded to the proprietors an oppon 
tunity not only to form correct views of the past, 
present, and the future, but of giving expression 1 
those views, I would oiFer for their consideratioxj 
some suggestions which have occurred to my o 
mind, in reference to the course it may under all 1 
circumstances be most advisable to adopt. 

Ist. The atmospheric system having been suj 
pended, it would not he wise to recommence works 
ing before the whole of the apparatus and machinen 
is put into tliat perfect condition which shall ensir 
its working economically and with regularity. 
accomplish tliis, let the Dawlish engine be remove* 
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and another of greater power {already made and paid 
for) be erected in its stead. Let Mr. Samuda's otFer 
to alter, repair, and maintain the longitudinal valve 
be accepted ; and I would further recommend that a 
cover be placed over the valve, which will protect it 
from the lieat of the sun, the rain, and frost, all of 
which proved so prejudicial to the former valve. 

All alterations to the other engines having been 
completed, excepting the application of expansion 
gear, which would be a trivial affair both in time and 
cost, no other expenditure ^vould be required upon 
the Hue between Exeter and Newton. 

With regard to the inclines between Newton and 
Totness, the Dainton engine could be completed in a 
month, tho rails are all laid, and both are paid for. 

As to the outlay requisite to effect this, I have 
the engineer's authority for saying, that the cost for 
removing the engine at Dawlish, and erecting an- 
other, including masonry, -will not exceed 1500^., 
which sum would be returned in 12 months: from 
the reduced consumption of fuel, the saving in that 
time would be equal to 1600 tons*. 

The cost of the longitudinal valve would he, for 20 
miles, at 210/. per mile, 4200/., one-half only of 
which is to be paid, should it be decided, after 12 
months' workiug, that the system shall be aban- 
doned. 

The total amount that would be hazarded by a 

further experiment for 12 months may thus be stated : 

« See AiipeudLi, No. 13. 
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Copy of Mr. Brdnel's Report < 

System, 



the Atmospheric 



SoDTn Detoh Railway, 
Auguat 19th, 1844. 

Gentlemen, 

I have given much consideration to the question 
referred to me by you at your last meeting, namely, that 
of the advantage of the application of the atmospheric 
system to the South Devon Railway. 

The question is not new to me, as I have foreseen the 
possibihty of its arising, and have frequently consi- 
dered it. 

I shall assume, and I am not aware that it is disputed 
by anybody, that stationary power, if freed from the 
weight and friction of any medium of communication, as a 
rope, must be cheaper, is more under command, and is 
susceptible of producing much higher speeds than loco- 
motive power; and when it is considered that for high 
speeds, such as sixty miles per hour, the locomotive engine 
with its tender cannot weigh much less than half the gross 
weight of the train, the advantage and economy of dis- 
pensing with the necessity of putting tliis great weight also 
in motion will be evident. 
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I must assume also that, as a means of applying sta- 
tionary power, the atmosplieric system has been successfiil, 
and that, unless when under some very peculiar circam- 
stances it is inapplicable, it is a good and economical mode 
of applying stationary power ; I am aware that this opinion 
is directly opposed to that of Mr. Robert Stephenson, who 
has written and published an elaborate statement of expe- 
riments and calculations founded upon them, the result of 
which support his opinion. It does not seem to me that 
we can obtain the minute data required for the mathema- 
tical investigation of such a question, and that such calcu- 
lations, dependent as they are upon an unattained precision 
in experiments, are as likely to lead yon very fer from the 
truth as not. J 

By the same mode Messrs. Mallett, and other FrencliV 
engineers, have proved the success of the system, and byTl 
the same mode of investigation Dr. Lardner arrived at all 
those results regarding steam navigation, and the speed to 
be attained on railways, which have since proved so 
erroneous. 

Experience has led me to prefer what some may consider 
a more superficial, but what I should call a more general 
and broader view, and more capable of embracing all the 
conditions of the question — a practical view. 

Having considered the subject for several years past, !■ 
have cautiously, and without any cause for a favourable 
bias, formed an opinion, which subsequent experiments at 
Dalkey have fully proved to be correct — viz., that the mere 
mechanical difficulties can be overcome, and that the full 
effort of the partial vacuum produced by an air-pump can 
be communicated, without any loss or friction worth taking 
into consideration, by a piston attached to the train. 

In this point of view the experiment at Dalkey has en- 
tirely succeeded ; a system of machinery, which even at 
the first attempt works without interruption constantly for 
many months, may be considered practically to be free 




from any mechanical objection. No locomotive line that 
I have been connected with has been equally free from 
accidents. That which is true for one railway of two miles 
in length is equally true for a second or third, although 
they may be placed the one at the end of the other; the 
chances of an accident are only in the proportion of the 
number, or, in other words, the length — a proportion which 
holds equally good with locomotives, except that a loco- 
motive may be afi'ected by the distance it has previously 
run, while a stationary engine and its pipes cannot in like 
manner be affected by the previous working of the neigh- 
bouring engine and pipes. 

In my opinion the atmospheric system is, so far as any 
stationary power can be, as applicable to a great length of 
line as it is to a short one. 

Upon aU these points I could advance many arguments 
and many proofs ; but I shall content myself with saying, 
that, as a professional man, I express a decided opinion 
that, as a mechanical contrivance, the atmospheric appa- 
ratus hag succeeded perfectly, as an effective means of 
working trains, whether on long or short lines, at higher 
velocities and with less chance of interruption, by stationary 
power, than is now eflected by locomotives. 

I will now proceed to consider the question of the 
advantage of its application to the South Devon Railway, 

It will simplify the discussion of the question very much, 
if it is considered as a comparison between a double line 
worked by locomotives in the usual manner, and a single 
line of railway worked by stationary power ; the only 
peculiarity of the present case being that, upon four 
separate portions of the whole fifty-two miles, stationary 
assistant power would under any circumstance have been 
used — these four inclines forming together one-fifth of the 
whole distance. 

It is necessary to consider it as a question of a single 
line on account of the expense; the cost of the pipe for 



each line being about £3,500 per mile. 
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£7,000 per mile, or of about £330,000 in the first con- 
struction, could not be counterbalanced by any adequate 
advantage in the saving in the woi'ks on the South Devon 
Railway, and probably not by any subsequent economy 
or advantage in the working. But the system admits of 
the working with a single hne, certainly without danger 
of collision, even with less than upon a double locomotive 
line; and I believe also, that, considering the absence of 
most of the causes of accidents, there will even be leas 
liability to interruption, and leas delay on the average 
resulting from accidents, than with an ordinary double 
locomotive railway. 

By the modification of the gradients, and by reducing 
the curves to 1,000 feet radius, where any great advant&ge 
can be gained by so doing, and by constructing tHe 
cutting, embankments, tunnels, and viaducts for a single 
line, a considerable saving may be effected in the first cost. 

In the permanent way and ballasting, the reduction will 
be about one-half. I should propose to make the rails 
about 52 lbs. weight, and the timber 12 ft. 6 in. ; the 
quantity of ballast would probably be rather more than 
half; but, at the present prices of iron and timber, the 
saving could not be less than £2,500 per mile. From a 
careful revision of the works generally, 1 consider that a 
reduction may be effected in the following items, and to the 
amount specified in each, viz., ballasting gradients and 
curves 1 — 

Reduction in earthwork 
Do, in length of principal tunnels , 

Saving by single line : — 
Earthwork ...... 

Tunnels ...... 

Viaducts .,.■■. 

PermQuent way and baJlast : — 
To allow for sidings, fifty miles, at £2,500 



£16,500 
14,000 

25,000 
11,000 
15,000 



125,000 



a 



Per Contra. 
Pipe on4IJraile8 . . . £138,500 
I 'Increase on incline planes, lOJ miles, 

at £600 £6,500— £145,000 

Engines for the 4]! miles .... 35,000 
Patent right— say 10,000 



£190,000 
The difference in first cost, therefore, is £17,000. 

To tliis must, however, be added the cost of locomotive 
power, with its attendant expenses of engine houses, &c.&c., 
which cannot, I think, be put at less than — £60,000 

» Making a saving — 67,000 
1 have not included in the expense of the Atmospheric 
Apparatus that of tlie telegraph, because, at its present 
reduced cost of £160 per mile, I am convinced its use 
would repay the outlay in either case. 
It would appear, then, that the line can be constructed 
and furnished with the moving power in working order, on 
the atmospheric system, for something less than the con- 
struction only of the railway fitted for locomotive power, 
but without the engines, and that, taking into consideration 
the cost of locomotive power, a saving in the first outlay 
may be efiected of upwards of £60,000. 

But it is in the subsequent working the advantages will 
be most sensible. 

In the first place, with the gradients and curves of the 
South Devon Railway, a speed of thirty miles per hour 
would have been for locomotives a high speed, and under 
unfavourable circumstances of weather and of load it 
would probably have been found difficult and expensive 
to'have maintained even this; with the atmospheric and 
with the dimensions of pipes, I have assumed a speed of 
forty to fifty miles may certainly be depended upon, and 1 
have no doubt that from twenty-five to thirt;y-five minutes 
.may be saved in the journey. 
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Secondly. The cost of running a few additional trains, 
BO far as the power is concerned, is so small, the plant of 
engines, the attendance of engine-men, Sec, remaining the 
same, that it may almost be neglected in the calculation; 
so that short trains or extra trains, with more frequent 
departures, adapted in every i-espect to the varying demands 
of the puhlic, can be worked at a very moderate cost ; and 
I have no doubt a considerable augmentation of the general 
traffic thua effected, by means which, with locomotive en- 
gines, would be very expensive, and frequently unattainable, 
particularly as regards one class of short trains, whetJier 
for passengers or goods, which, from the inconvenience of 
working them by locomotives, are hardly known. 

I refer to trains between the intermediate stations. By 
many means, which the easy command of a motive poww 
at any time at every part of a line must afford of accom- 
modating the public, 1 believe the traffic may be increased. 

It appears to me also tliat the quality of the travelling 
will be much improved; that we shall attain greater 
speed, less noise and motion, and an absence of the coke 
dust, which is certainly still a great nuisance, and will be 
inducements thus held out to those (the majority of tra- 
vellers) who travel either wholly for pleasure, or at least 
not from necessity, and who are mainly influenced by the 
degree of comfort with which they can go from place to 
place. 

Lastly. The average cost of working the trains will b« 
much less than by locomotives, with the gradients of the 
South Devon Railway, and assuming that not less than 
eight trains, including mail and goods trains, running the 
whole distance, and certainly one short train running half 
the distance, to be the least number that would suffice; I 
think an annual saving of £8000 a year in locomotive ex- 
penses (including allowance for depreciation of plant) may 
safely be relied upon. 

For all the reasons above quoted, I have no hesitatioi^ 
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taking upon myself the full and certain responsibility of 
recommending the adoption of the atmospheric system on 
the South Devon Railway, and of recommending, as a con- 
sequence, that the Une and works should be constructed for 
a single line only, — 

I have the honour to be. 
Gentlemen, 

Your obedient Servant, 
(Signed) I. K. BRUNEL. 

Note. — CenBUre haying beon unsparingly beBtowed on Hie Directota 
for having sBnctianed tbe application of the Atmospheric Syatem to 
the South Devon Lino, I have conaiderod it due to them, to place this 
document before the ShareholdBrs, not from a desire to shift any part 
of the blame which may fairly attach to them, but merely to correct 
errooeoua impressionfl. With 8ucli a report before them, would the 
Directors have been free from the imputation of presumption h&d 
they resisted the recommendation of a man so eminently qualified to 
give sound advice upon a subject that "was not new to bim, and 
which he had frequently considered ) " Would they not have in- 
curred a heavy responsibility had thoy refused to adopt a system 
that promised bo fair, and from which " a saving of £8000 per annum 
in locomotive eiponses (including allowance for depreciation of 
plant) might safely be relied on !" 



No. 11. 

Extract from Engineer's Report to the Directors, 
at the Half- Yearly Meeting of Shareholders, Feb. 29, 
1848. 

Duie Street, 26th Feb., 1848. 

Notwithstanding numerous difficulties, I think we are in 

a fair way of shortly overcoming the mechanical defects, 

and bringing the whole apparatus into regular and efficient 

practical working, and as soon as we can obtain good and 

c 2 



of the engines, we dni be tidied tstest tbe ecomn^tf 
working. Jt ffttmmt tima m ia^maUe, m rimj U Of 
■nwl ^ the tAgtmfk ctm pHhmg mt U bn^ gAtr ei^mu 
almatt eatutmmUf ml wmtySar-miaAAK: boSer powamu 
Dot intended and k in£aSaeBt,and the cooBeqnence is tfat 
we are not emit wrakh^ tite at^jnes ttearl^ AmUeU* 
Imte liai itrejtt ir ed, bat, the Imili i Tw iii;i^ JHiiiiflii ii tt Bi 
SDch a supply of steam, the fir^ are ofal^ed to be fince^ 
and tie comtmmpliam irf^fmei it trrvyw/or mm^ exeaabt. 
There b everT pro^iect of ^bs erl b^Qg ?peed3y ii laiiiNl, 
aitd as the wofting of the atmoepheoc viQ then beocoe 
die subject of actoaJ expenmoit, and its raloe be pcacti- 
callj- tested, I shall refrain from offaiog at present uaj 
further ob^rratioas upon it. 

The eogtoe hoii£« at the Sommit at I>aintoii, between 
NewtoD and Totnes, is completed: preparatioos are makii^ 
for erecting the engines, and the pipes are beii^ laid opon 
the line. 



!fote. — From, tlus exiikct it 
" That the medliKDical defects had not Iwo <r 
" That die telegnpUc o 
had not been efected ;" 

" That it was at present impoadble to t«t the eoooMNi^ cf sorfei^^ 
" That the engines were wading doable the time that: wsa le- 

« That the fites were obliged to be forced ;"* 
" That the conmmpdon of fiid was irtegulai and eiccEStre." 
With these various imperfectiona and impedimenta, scone of irfiic^ 
were not remedied before Jnlj and Angust, will an; one aSm **— ' 
it wu juit to telect a period of so mnch embarrassment and intajmifc. 
tioB for deciding upon the value of the Atmospheric SjEtemt Waa it 
right to appeal to a meeting of Sbareholdera, with minds quita hq- 
pnpwed, for Uieir apfffoval of mch a decision i" 
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Mr, Brl'nel's Report to the Committee, August 19th, 
1848. 

It siiould bo oljaeryed that the engineer has presented to the Com- 
mittee three reports. As there are cot anj essential variations ia 
them, I have thought it right to give the last, and to refer by mar- 
ginal notes to those alterationa which appear to doaerye notice. 



1 8, Duke Street, WeBtmineter, 
Gentlemen, I9th August, 1848. 

You have called upon me to report to you upon 
the present state of the Atmospheric Apparatus, and par- 
ticularly upon the circumstances connected with the partial 
destruction of the longitudinal valve which has lately oc- 
curred, and the probability of remedying this serious defect, 
and of keeping the valve in repair and in good working 
order. 

Such a report involves necessarily the consideration of 
the whole question of our experience of the working of the 
atmospheric system ; because, to anive at any clear appre- 
ciation of the present state of the apparatus, I must refer 
to the circumstances which have affected our working up to 
the present time ; and particularly to the several difficulties 
wliich we have had to encounter, and their effects. 

The first difficulty, and one which was as unexpected as 
it was serious, was the working of our stationary engines; 
upon the efficiency of tliese machines must of course de- 
pend the economy and efficiency of the working of the 
whole system, however perfect in itself might be the atmo- 
spheric apparatus. 

Accordingly, great precautioDS were taken — precautions 

which I still think were such as to justify the expectation 

I that we should secui'e the best tin^iues that could be made. 

The three first manufacturers of the day were employed : 



Messrs. Maudeslay, who had had some experience in this 
particular branch, having made the engines for the Croydon 
Railway ; Messrs. Boulton and Watts, and Messrs, Rennie. 
They prepared their own designs, and I know that they 
each bestowed much thought in the preparation of these 
designs, and took considerable interest in the results. 

Mr. Samuda, a man of considerable mechanical abilities, 
having all the experience that could be had on the subject, 
and deeply interested in the success of the engines, was also 
employed to superintend their manufacture. 

Notwithstanding all these precautions, notwithstanding 
excellent workmanship, these engines have not, on the 
whole, proved successful. None of them have as yet worked 
very economically, and some are very extravagant in the 
consumption of fuel, burning nearly double the quantity 
of others, while the average is very considerably more than 
it ought to be. 

The apparent causes of this excess are various in the 
different engines ; but all resulting more or less apparently 
from the want of experience in this particular applicatioa 
of power, aud from the circumstance of the form of the 
engines being somewhat novel, and involving slight differ- 
ences in the proportion and arrangement of the parts ; and, 
the consumption of steam being greater than was calculated 
upon, it has been obtained by a more wasteful expenditure 
of fuel, and the evil has been aggravated. 

The difficulty of remedying this state of things has been 
increased by the consequence of defects in the atmospheric 
apparatus, which, causing a much greater demand upon 
the working of the engines, has delayed, or has entirely 
prevented, our throwing au engine out of work to introduce 
the requisite improvements ; still, so far as this defect in 
the engines is concerned, tkere is no doubt that it is sus- 
ceptible of considerable if not complete remedy, and 
a reduction of one-third may be effected in the consumpr' 
Hon of fuel. 
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In the atmospheric apparatus itself our difficulties have 
heen more numerous. 

We have suffered from extreme cold, particularly when 
it followed quickly upon wet. 

We have suffered from extreme heat, and also from 
heavy fails of rain. These difficulties have in turn been 
encountered and gradually ovet'come; and I think the 
efiects of all these causes upon a valve in good condition 
may now be obviated, if not entirely, yet so much so as to 
render their operation unimportant. 

The same remedy applies to all three : keeping the 
leather of the valve oiled and varnished, and rendering it 
impervious to the water, which otherwise soaks through it 
in wet weather, or which freezes it in cold, rendering it too 
stiff to shut down ; and the same precaution prevents the 
leather being dried up and shrivelled, by the heat, for this, * 
and not the melting of the composition, is the principal 
inconvenience resulting from heat. A little water spread 
on the valve from a tank in the piston-carriage has also 
been found to be useful in very dry weather, showing that 
the dryness, and not the heat, was the cause of leakage; 
hut a new difficulty has arisen, and a new defect has been 
discovered, — one much more serious in its extent and in its , 
possible consequences, and one which renders the operation i 
of each of the previously mentioned causes of difficulty 
much more powerful and mischievous. 

Within the last few months, but more particularly during 
the dsy weather of the last May and June, a considerable 
extent of longitudinal valve failed by the tearing of the 
leather at the joints between the plates ; the leather first 
partially cracked at these points, which caused a consider- 
able leakage, particularly in dry weather ; after a time it 
tears completely through, and that part of the valve ia 
. destroyed and requires to be replaced. 

A considerable extent has thus been replaced (*1) ; but 
' the whole of the valve is more or less defective from this 
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cause; the amount of leakage is considerable, and the 
working altogether inefficient. 

I have examined carefully portions of the valve that have 
been removed, and I find that at the part which has given 
way the texture of the leather seems to be destroyed ; it ia 
black, and has evidently been acted upon by the iron of the 
plates. 

Upon some parts of the line the injury seems to be more 
general than upon others ; but it Is very difficult to examine 
the valve in place, so as to form any correct opinion of the 
extent of the evil. 

As regards the cause of this defect, Mr, Samuda, who 
under his contract is at present liable for the repair of the 
valve, urges that the valve was kept for a length of time in 
cases after it was delivered to the Company, and that, ex- 
posed to damp, and the oil in the leather not being renewed 
on the surface, the iron may have rusted, and the leather 
have been injured ; and he refers to instances lately ob- 
served in which valves, taken out, of the top of a case 
which had been exposed to wet, do sJiow similar signs of 
injury. Supposing this assumption to be correct, however, 
it would not seem to affect the question of liis liabiUty. He 
suggests also as a cause, that the valve remained for a 
length of time in a place without being used, and even 
worked over by locomotive engines, which prevented its 
being properly oiled and attended to : that the evil has 
been aggravated by an attempt to reduce too much the use 
of oil to the leather; and, lastly, that the piston gear has 
been allowed to get out of adjustment, so that the leather 
of the valve has been unduly strained. 

I shall not, however, here enter into the discussion of 
this question of liability, but confine myself to the con- 
sideration of the evil, and the posHibility of remedying it. 

Of the extent of the evil, for tlie reason I have given, 
it is impossible to form any accurate opinion ; it ia impos- 
sible, therefore, to say it does not extend n 
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the whole distance, excepting, of course, that which has 
heen already replaced. That which is injured cannot be 
repaired in place, but must be removed, and the remedy 
can oiiiy be applied in the new valve. 

It is quite possible that a valve made in the same manner 
as the present, if properly attended to, from the first and 
with our present experience, might not be subject to this 
destruction, and Mr. Samuda states that such is the case 
at Dalkey; but I do not think I could rely upon this 
result. 

By painting, but better still by zincing or galvanising 
the iron plates, and making them overlap a short distance, 
both the chemical and the mechanical action of the plate 
upon the leather appears to be prevented ; and I beUeve, 
therefore, that this evil may be remedied at a small in- 
creased cost in any new or repaired valve that might be 
laid down ; but of the existing valve I can say no more 
than I have done(*2). It is not now in good working 
condition, and I see no immediate prospect of its being 
rendered so. 

From the foregoing observations, it will be evident that 
I cannot consider the result of our experience of the 
working between Exeter and Newton such as to induce 
me to recommend the extension of the system, I believe 
that (*3) if the longitudinal valve were restored the 
working expenses might be immensely reduced ; that the 
quantity of fuel consumed, which is the great item of ex- 
pense, may be diminished by one-third ; that the price of 
the fuel, which now costs \%s.per ion at the engine houses, 
ought to be reduced at least twelve per cent. ; and that 
the total cost may thus be brought down to a moderate 
amount, such as I had originally calculated upon(*4); but 
the cost of construction has far exceeded our expectations, 
and the difficulties of working a system so totally different 
from that^o which everybody — traveller as well as workman 
— is accustomed, have proved too great; and therefore. 
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although no doubt,after some further trial, great deducti 
may be effected ia the coat of working (*5) the portion now 
laid, I cannot anticipate the possibihty of any inducement 
to continue the system beyond Newton (*6). 

(*7). With respect to the future working of the ap] 
ratus between Exeter and Newton, I feel in great difficull 
as to expressing any opinion, seeing that a very lar^f 
penee has been incurred, and believing as I do that 
coat of working may be so vsry much reduced ; but 
reduction can only be effected by the almost entire renei 
of the valve, and by some expenditure in the engines; 
unless Mr. Samuda or the patentees undertake the first 
extend considerably the period during which they woi 
maintain it in repair, and unless they can offer & 
guarantee for the efficiency of tliat valve, I fear that 
company would not be justified in taking that upon thei 
selves or incurring the expense attending the alteralwa 
the engines. 

I believe that for the inclined planes as an assii 
power (*8) the apparatus will be found applicable and 
efficient, and, as the engines and pipes are nearly ready (*9) 
at Dainton, it may be found desirable to try it there, pro- 
vided a satisfactory arrangement can be entered into for 
the maintenance and efficiency of the valve. 

I have not referred to our great disappointment in not 
obtaining the assistance of the telegraph in the working of 
the engines, and the great increased consumption of coal 
consequent vipim the working the engines unnecessarily, 
because this evil is now nearly removed ; but some further 
reductions may still be made by using the telegraph by 
night as well as day, which it has not yet been in out 
power to do, but which I trust will be commenced this 
week, 

I am, Gentlemen, 

Your obedient Servant, 
To the Directors of the (Signed) I. K. 'BRUHEL. 

South Devon Railwaj Companj. 
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•1. Not in the former reports, " but tho whole of tho valve is 
less defective from thia cause ; the amount of leakage i 
siderable, ami tho working altogether inefficient," 

■2, " It is not now in good working condition, and I see no 
diate prospect of its being rendered bo." 

•3. " If the longitudinal valve were restored." 

*4 In the first report, but omitted in this, " within Is. per train 

•5. In the former report, after the word working, waa the following: 
" which may make it worth while to continue the working of 
the lino between Exotor and Newton." 

•6, In the former report the words were, " to extend it to Plymouth." 

*7. The whole of this sentence omitted in the former reports. 

•8. In the former reports the words we 
of its applicability and efficiency." 

"9. In the former reports the words wen 

the works on the Dainton incline should be completed, confining 
it however to the inclined plane." Tho sutsoquent proviso not 
in the former reports. 







" I should recommend that 



No. IV. 

Mr. Samuda to the Chairman. 



London Street, Aug. 26, 1848. 
My Dear Sir— 

Referring to our conversation on the 23rd, respect- 
ing the proposal that I then informed you I had sent to 
Mi'. Brunei, I have thought over the suggestions you then 
made, and, with the view to meet them as nearly as I can, 
'■ would propose, — ^That the longitudinal valve between 
Exeter and Newton be now furnished with such alterations 
and additions as our present experience shows advisable, 
viz., with additional plates, to take the strain off the leather, 
painted to prevent rust, and with a layer of prepared can- 
vas under the top and over the bottom plate, to keep the 
iron plates from immediate contact with the leather ; gal- 
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vBiiised rivets, using the present leather when suitable ■ 
having new substituted whenever the present is unsiiitafail 

I will undertake to maintain in good working order (sutJi 
maintenance not to include repair from accidents), to Mr, 
Brunei's satisfaction, the longitudinal valve between Exeter 
and Newton for twelve months from now, and to make 
such alterations and additions as before described, in the 
first instance, in eucli portions of the line as I shall 6nd 
require it the moat, such portions not reaching over lees 
in the whole, than an aggregate length often miles within 
the next six months, and ten additional miles (or the n^A 
maining portion) in the then succeeding six months. 

The alterations and additions to be made equal to | 
sample of about 500 feet in length, to be approved by I 
Brunei, for the sum of £210 per mile, viz., £106 to 1 
paid me so soon as each mile of altered valve is delivei 
and laid down, and the remaining £105 at the expiratad 
of twelve months from the present time. 

If Mr. Brunei should prefer having the wliole or any fl 
the plates galvanised instead of painted, as proposedf I 
will get them galvanised, the Company paying the diHerc 
of expense involved on each portion as dehvered. 

At the end of twelve montlis, the Company shall give 
notice if they intend to discontinue the working of this p 
tion of the line atmospherically, and, jf they then do i 
discontinue, I shall not be entitled to receive the £19 
per mile received on ten miles of such portion as shall thl 
have been put down, and only so much of the rem^n 
as Mr. Bnmcl should, under the circumstances, think £ 
and the company shall, aflcr such notice, have no claim <] 
me for fiirther maintenance of valve; but, if the coron 
do not give me such notice, the remaining £105 on i 
whole twenty miles shall be paid at the expiration of twd 
months from the present time. 

Id adjuiiting this matter, it is to be uiidertitoud that I 
furnish tu tlie C<jui{)any, without charge, a quantity of v 



['iii'i'<'!'[H)ndini!: witii tlio qumitity wliloli Iiiih Imni uikhI by 
Uie Compniiy in repairs, niid for which I liiivc bfon pniil 
(t'selusivo of the itisurvc), such quantity of new valve not to 
(ixccL'd iu liny event u length of nix niilen ; but tiny ini|irove- 
nietits or udtlitions with wliieh Budi new vnlve nmy bo 
furnished shall be ptuil for on Mr. DrunprH (^xtimale, aa 
provided in my contraetof '20lh February, 1S46. 'i'ho old 
valve removed to make way for tlie valve bo used by the 
Company in repairn, to be it'turned to mo. 

It niuBt bo perfectly understood that a part of the terms 
for which I Btipidato in thu present arran);ement it, tbut 
Buch of my aecuunts apiinst tlin eompauy to the prt^Bcnt 
time an have not been aheudy pai^Bod, are tu be pnnHCit, und 
the periods of payment of the whole adjniited.* i 

As agreed between us, this letter ia to bo received by | 
tlie Company without prejudice. 

1 am, Dear Kir, 

Yours faitbl'iilly, 

JOmm D'A. SAMUDA. 

* JfoU.—Tlto Moounta for whloh Mr. Samuda Rlijiulatai, tliowol 
k iMluioa <)iio to bliD of .££71)0 14*. 11'{., with n oondlUon tliKt 
ho lihould 1)0 oiititlod to ilollvcr nix milM of Inngitucliuiil vnlro 
in liou of thnt which had boon utod, or wotild l>o niiiuirail fur tho 
Mp&ir of tho old vulva. Biuuo tlio n^eutlou of bin pi'upoaala, ho h*i 
Mnt In oliLiiuH upon tlia Oompany runoiiiitliiK to nbout £\4,fJ<K\ 1>o- 
^dm the right tu dulUai tho lix iniloi of vnlvo, or to roouive uom- 
penutloQ la liuu theriwf. Tlioio oliilmH uro not udmiHocI Uj tlw Iluud. 



Phoi'oshd Riti'onT of tho Committrb by thu r!iiAiitMAN 
and Mb. Woollcomue. 

That after having piven every p(inBid{Talion to the 
report wliieh Mr. lirunel liaN luade on the AtmoHplierfr 
fiy»tem, and the variouH BtatemeiitB of tho working 






ycMEi^ jfOBf Committee regret hiTn^ to report I 
t'Eftiimint, to far as it has proceeded, bae | 
■iiliifti tmji . and thuy thiak tltat i 
fl«annee tint the working expataes are i 
ptat pedactioo woald joetify tfaem in r 
MMllMMee of the ezperiment. 

At Ab ■ame time, baring reference to dw ti 
1^ «Ud has been incurred, the large s 
amst be required in addition, if the locoraotJTe e 
id, and the ofnnion of Mr. Bmnd, that the i 
• are cuso^rtiUe of " great reduction," yoor Cimm- 
watttt caoBot recoDcile to themselves any bas^ a hiiiln M 
neat at the Atmospheric System. They are therefore of 
OfimtHt that, provided satisfactory arragementa ccmld be 
made with Mr. Samuda or the patentees, it would be 
nnwise to refuse incurring a moderate outlay for a further 
trial of the experiment for twelve months. 

Your Committee, under these circumstances, rectmt- 
mend that you authorise them to negotiate with Mr. 
Samuda and the patentees, and that you meet GpeciaDy a 
(be 9lh Beptemfjer, to consider the result of the treaty. 



The Resolution proposed by Lord Courtenay at : 
Board, on the 29th of August, 1848. 




That, the very heavy expenses incurred in working the 
Atmospheric Principle between Exeter and Newton, arising 
in part from the imperfect state and rapid decay of the 
longitudinal valve, and in part from other causes affecting 
the system, render it necessary to suspend the employmeat 
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of it at the charge of this Company, until the patentees and 
Mr. Samuda shall have adopted some means, to tlie satis- 
faction of the Directors, for reHeving the Company from 
the loss consequent upon working under such disadvan- 
tages. 

That, in adopting the foregoing resolution, it should be 
understood, that the directors are not to be precluded 
from contributing some reasonable and fixed pecuniary 
amount, such as may seem proper to the Board, in order 
to assist Mr. Samuda and the patentees in carrying out 
any improvement which the engineers may consider likely to 
afford to the Company the means of beneficially resuming 
the use of the atmospheric system. 

Note. — The period when Mr. Samuda wag ratjuiied to giye an 
BDBwer to tliQ abovo rosolution waa lOBtrictcd to the Ctb Soptember 
(or eight days). 



' ment from the chair all discussion of the atmospheric and 
locomotive system should be avoided, and that the share- 
holders should be informed that the legal questions at \\ 
render it essential that no discussion whatever should 
I take place at the meeting. 



No. VII. 

Resolution of the Board. 

Resolved — 

That, in the opinion of this Board, it will be most 
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No. VIII. 



A DETAILED STATEMENT of the EXPENDITURE Upon the 

Atmospheric System, to Nov. 1st, 1848, the amount 
remaining to be paid, and an estimate of the value of 
the Materials if sold. 





f^nei 


L 




Estimate 


of the 






UOS^. 




value if sold. 




Pipes and Iron, in- \ 
eluding fixing, &c. j 


£. 


s. 


d. 


£. 


8, d. 


183,000 








26,725 







Preparation on Ditto 


9,200 








99 


9f 99 




Longitudinal Valve . 


27,976 








500 







Section Valves . . 


3,843 








200 







Apparatus . . . 


1,316 








yf 


99 » 




Piston Gear . . . 


2,738 








200 







Management, &c. . 


2,347 








ff 


99 99 




Machinery and Tools 


1,274 








200 







Engine Houses . . 


38,032 








1,000 







Engines .... 


98,693 








32,897 







368,418 














To pay on Engines 


19,500 








6,600 







Ditto Contractors & ^ 
others . . j 


45,000 








6,000 







432,918 








74,222 








No. IX. 

Statemknt, showing the nett working cost, per Train 
Mile, of the Atmospheric System, extracted from the ac- 
counts of the Superintendent of that department, aa 
submitted to the Board every fortnight, from the let 
January, to tlie 9th September, 1848* :— 
First, from January Ist, to March lnt, when the two 

systems were working concurrently — 



Jan. I to 26 


. 3 2J 


February 2 


. 3 1 


16 


. 3 


23 


. 2 llj 


March 1 


. 2 llj 



15 2^ Average 3>. O^d. per mile. 



Second, from March Ist, to May 24th — 



Hapch 15 


. 2 8 


29 


. 2 9 


April 12 


. 3 H 


26 


. 2 1} 


May 10 


. 2 UJ 


24 


. 2 2 



15 9J Average 2«. 7^rf. per mile. 



Third, from May 24th, to August 2nd- 



June 7 


2 7J 


21 


2 0) 


Julys 


1 10 


19 


2 4J 


August 2 


2 3 



1 1 I J Average 2t. 2Jd. per mile. 



* The charges for the repnirs of the longitudinal v»!ve are ei- 
[ dulled : these ute to he repaid hy Mr. Samuda, according to oontract. 
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Fourtii, August 2nd, to September 9th— 
August 16 .20 
30 . I 11 
September 9 . 1 9J 



The I 
August, 



5 8 J Average \s. \\d. per tnifl 
^graphic communication was complete on the S 



Thus, within six months, the working cost was reduced 
38 per cent.; and, at the period of ita discontinuance, 

gradual reduction was going on. 



Locomotive Chahces. 
The Locomotive Engines were running over the Lin 
thus : — 

ATetBgo 
Working Caf 
Miles. perTrainMil* 

From Jan. I to March 1, Exeter to Totness 2-2| .. 2«. 5J, 
„ March 1 to May 5, Newton to Totness 8 J . . 2 
„ May 5 to June 30, Newton to Lara.. 30 .. 1 M 
From January 1 to June 30, 

No. of Miles of Passenger Wnrl,™,, r^=. ATorage 

and Goods Trains. VVommg k^ost. p^^ j.^-^ ^^^ 

4.3,393 £5218. 2.^. 4^d. 



No. XL 

Report from the Superintendent of the Atmospheric] 
Department, 

Newton, August 12th, 1848. J 

My Dear Sir, 

In forming the inclosed estimate of the probable eoat q 

working the Atmospheric Apparatus between Exeter anff 

Newton, I have carefully considered the working duiiogj] 

Uast three months, and have taken the data chieft 



from the working between tlie Bill and 21st June, as 1 
find the weather was more favourable ibr the longitudinal 
valve during that fortnight, and consequently the consump- 
tion of coal per hour less tlian in any other. Perhaps it 
may be considered that the average of several fortnights 
would have been a more correct estimate ; but as the lon- 
gitudinal valve, even at the best of times, is very defective, 
1 think it may easily be assuiued that, with a more perfect 
valve, the consumption of coal may be reduced to the 
lowest average, more especially as the engines will admit of 
considerable improvements. 1 have, tlierefore, taken the 
average of Exeter, Countess Weir, Turf, Starcross, Teign- 
inouth, Summer House, and Newton, which gives 6.8 cwt, 
per hour of actuai duty per single engine : this is liigh, as 
compared with the consumption by the Cornish engines ; 
but more extra consumption over the Cornish engines is 
necessary, in consequence of the fires being under the 
boilers for so much longer a period than the engines work. 

I have left Dawlish out altogether, as additional power 
will be necessary to reduce the consumption to the average 
of the other engines. 

The longitudinal valve may, I feel confident, be improved 
so as to reduce the regulated duty as follows : — 





I 


For Down Traini, Engines starU- 


ndueed 




■< 




m 


Exeter . . 


5 


to 3 before departure of trains 


C. Weir , . 
Turf . . . 


b 


„ 3 beforecommencing to pull train 


StarCro,, . 


fi 


4 ' 


Dawlisli . , 


K 


» ■* 


S. Rouie . . 


H 


.. 4 ., 


f) 


,4 „ ,. 1. 


Newton . . 


6 


„4 ., 



^v „ ^H 


1 




F« Cp Tnuns, KngiM. itart— 


m 




1 


M.,b. 




1 






ledund 




K 


■ 




5 






Jl 








^H 




Newton . . 


5 


to 3 


before departure of trains 


^M 


^^ft 


S. House. . 


6 


„ 3 


before commencing to pull trainsl ^^H 


^H 


Teignmouth . 


6 


„ 6 




i 1 




DawlBh . . 


8 


„ 4 






^H 


StarCrosn . 


8 


.. 4 


>' » » " 




^H 


Tiitf . . . 


6 


„ 4 


M " " » 




^H 


C.Weir . . 


6 


., 4 


", » » ," 




■ 


Exeter . . 


6 


„ 4 


" .. ," " 








^P 




BegiiIitedroca»23Hilc«. | _ 1 


^H 




From the 8lh to 


, , , OoiJ«l6.acwt 




1 




2lHJajie 


Maybe reduce! ID per hom. 


h. m. 


h. m. 


Tout Cwt 


^" 


Exeter . . 


. 124 30 


110 24 


31 18 


■ 




C. Weir . 


166 36 


143 12 


41 9 


■ 




Turf . . 


. 139 37 


124 40 


35 19 


■ 




Star Cross . 


175 47 


168 18 I 48 14 


I 




Dawlish . 


. 210 23 


180 46 1 62 4 


■ 




Teignmouth 
S. House . 


. 180 36 


167 30 , 48 8 


f 




. 124 37 


107 2 1 31 


1 




Newton . 


. 105 


84 42 1 24 8 


1 




Total 314 1 


1 




If, by the Company having their own coal trucks, the 


1 


^H Great Western Company will carry for one penny per ton 1 


^M per mile, the cost of the coal will be 16$. per ton. 1 


^1 By strengthening and improving the piston gear, I 1 


^1 think the maintenance may be reduced to £18 per fort- 1 


■ night*. 


^H I have assumed the section "valves to be worked by the 


^H police. 


^H * The present cost averaging atout X45 per fortnight. 



The cost of working 6923 miles will then be as 
followB : — 

£ s. d. 

314 tons of coal, at 16s 251 4 

Wages of engine men and stokers . 76 

Coal premiums 2 

Maintenance of engines and stores* 24 

Wages of train 15 19. 

Unloading 314 tons coal, a.t 4rf. . 5 4 8 

Maintenance of piston gear f . . 18 

Main tube 8 

Longitudinal valve 25 

Manufactory and tools .... 300 

Management 14 

Cleaning pistons 2 15 

£445 2 8% 
I think we have not had sufficient experience to know 
to what extent the cost of working may be reduced ; but I 
have no doubt myself but that the expenditure may be 
reduced as above, and if the longitudinal valve can be 
made practically tight, (and I see no reason why it should 
not), the cost may be still further reduced. 

It is very likely the improvements in the engines wiU 
reduce the consumption of the coal to something less than 
6.8 cwt. per hour ; but, as the average from the 8th to the 
21st June gives a favourable result in the above account, 
it is perhaps better to assume the consumption at 5.8 cwt, 
per hour. 

The saving in the wear and tear of the rail must reduce 
the cost of maintenance of way very much. 
I beg to remain, my dear Sir, 

Your most obedient Servant, 

(Signed) JAMES PBABSOH. 

I. K, Bbvnbl, Esq., &c. 

' The average cost from let March tu 30th June wns £79. 
t The average cost from ditbo to ditto „ £jT. 

I Equal to U. ^d. per Train MUa. 



No. XII. 
SuHUARY of Atmospheric Trains, Kuuniag Time. 
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B. 


M. 
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1848. 




























Weeks 
Hay 11 




























1S2 


2iai) 


B3 


68 


99 39 


56 


927 


2 


69 


77 16841 


.4.1 


18 


138; 2572 


SB 


40 


101 42 


6( 


1084 


4 


25 


76 14881' 918: 


25 


136, 2672 


B4 


Bl) 


9166 




1641 


5 




4B 931 j 


4,10, 


June 1 


138| 2572 


84 


60 


96 67 


65 


1206 




25 


n 1866 


632 




188 2672 


9i 


60 




87 


1609 


6 


18 


49 936 


3!29 


IG 


I3S 2572j 


94 


60 


96 39 


74 


134S 


6 


7 


62 1224 


6,66, 


22 


ISS' 2572J 


U 


so: 64 32 


78 


1408 


4 


36 


68 1164 


4'l8 


28 


136 2672i 


Si 


£0 92 39 


89 


1626 


5 


22 


47, 947 


3:11 


July 6 


136, 2572i 


86 


39 B4 24 


89 


1626 


6 




47 9461 


348, 


13 


136 2672] 


B7 


1 100 64 


62 


11561 


3 


46 


74 1416 


7139 


20 


13B: 2E72I 


07 


1 104 63 


53 


1042 


S 




83 1630J 


11 1 


27 


lae^ 2672i 


■■ 07 


1 98 32 


66 


1200 


4 


14 


71 1372] 


646 




162830786 


IU7 


29,1165 48 


866 


16876 


65 


28 


763 14914 


3" 



This statement exhibits a degree of regularity in the nin- 
iiing time of the trains, which without any undue assump- 
tion may challenge a comparison with any of the best 
lines. 

Kesult upon 1628 trains, a loss of 73 hours 47 miDutes, 
or 2| minutes per train; and a gain of 65 hours, 28' 
minutes, or two minutes per train. 
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No. XIII. 



Statement, 1st, The Consumption of Coal by the Eight 
Engines from Exeter to Newton, from 1st March to 
2nd August. 

2nd, Ditto by the Seven Engines (excluding the 
Dawlish), for the same period. 

3rd, 1st and 2nd repeated from the 2nd August 
to the 9th September, when the Telegraph was in full 
operation. 



EiQHT Enqines. 

Tons. Cwt. 

Ist to 15th March ... 607 10 

29th „ 559 11 

12th April 627 10 

26th „ 472 — 

10th May 611 16 

24th „ 586 16 

7th June 567 10 

2l8t „ 483 — 

6th July 528 11 

19th „ 681 — 

2nd August... 574 

11) 6199 2 



Average of each 
fortnight 563 



11 



563 11 



Seven Engines. 

Tons. Cwt. 
471 16 



441 
507 



1 

4 



371 15 

474 6 

468 16 

438 6 



372 

417 



4 
1 



453 

438 


16 
5 






11) 4854 


7 


Average of each 
fortnight for 7 
engines 7) 441 


3 


Do. for 1 engine.... 63 






Do. for 8 engines... 

Excess of consump- 
tion by the Daw- 
lish engine for 
each fortnight... 



504 



59 11 
563 11 



BlSHT ESQISBSL I 

Tona. Cwt ' 

andtoieth Aogtut.. 427 5 I 

16tlLto30ttt „ 415 6 I 



2) &K 10 



Average for each fort- 



30th Aug. to 9th Sept. SS7 tone. 
28 tona 14 cwt. pei diem. 



Average foFCAch fort- 

night 7) 323 3 



Do. for 1 engine, do. 46 
Do. for 8 engiDe^ do. 368 8 



tion bj the Daw- 
lish engine for 
e&ch fortnight ... 



30th Aug. to dtb Sept the excM J 
of Dawliah for ten dajs, 3i 
RravLTB. 
AASuming thst the Dawlish Engine nas ii 



Consumption from March 1st to Augast 2nd, per fortnight 
„ from August 2nd to August 30th „ 



Tons. 



e efficient working of the Telegraph .. 



No. XIV. 



Statbmekt showing the quantity and coat of coal a 
coaanmed by the Eight Engines, between Exeter : 

Newton, from the Ist March to the 9th September : 

Deductions. To Coal, 7,329 tons, at 17s. (W. . £6413 q g 

SeepagelT. By ISJ per cent, on the cost X801 12 6 
See Appen- Bj the exceBH of the Dawliah 
dii,No. 13. engine from Ist March to 
2nd August, 655 tons, at 
I7#. Sd. . . . . 573 a 6 



Carryforward , £1374 16 £ti413 



DoductionB. 


Brought forward... 
By the exceaa of the Dawliah 


1374 15 


e413 


(I 


See Appen- 




dix, No. 13. 


engine from August 2aA to 
Sept. 9tli, 144 tona 13 cwt. 










atl7«.6rf. . . 


126 10 


6 




Do. do. 


on all the engines ixoin 1st 
Mwch to the 2nd Auguat, 
aa compared with that be- 
tween the and and 30th 
Auguat, aay on eleven fort- 
nights at S3 tons, equal to 






i 




913 tons at 17». &/. . 


798 17 


6 














£4112 


TT^ 


2nd. The nett cost of all wages and stoics within 'the 


SHnie 


period , 

Deductiona. 






£4801 


(1 


Bya reduction in the charge 








See Appen- 




dix, No. 11. 


for piaton gear, 27 weeks 










atf29 . . . 


783 







Do. do. 


By ditto on the charge for 
maintenance of engines 
and atoroB, 27 weoka at 










£55 . . . 


1486 



— 2263 


U (1 




£2533 





The reduction on coal equal to 36 per cent. 






Do, 




1 to 47 pe 


r cent. 





The reductions on coal are based on the resultof the live 
1 weeks' work after the telegraph was in full operation. At ' 
this time, owing to the defective state of the longitudinal 
valve, a considerable leakage was unavoidable ; which cir- 
cumstance imposed on the engines great additional duty, 
and consequently a much larger consumption of fuel. 
The waste would be from fifteen to twenty per cent., which 
would have been saved when the valve was repaired. 
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